Background--Intra-atrial re-entrant tachycardia (IART) in patients with congenital heart disease (CHD) increases morbidity and mortality. Radiofrequency catheter ablation has evolved as the first-line treatment. The aim of this study was to analyze the acute success and to identify predictors of failed IART radiofrequency catheter ablation in CHD.
T he prognosis of patients with congenital heart disease (CHD) has improved considerably in recent years 1 because of early diagnosis and better surgical results. Intraatrial re-entrant tachycardia (IART) has become a common and potentially lethal complication during the follow-up of patients with CHD, with a general incidence of 25% 2 and even higher (up to 40%-50%) in more complex cardiac diseases. [3] [4] [5] [6] [7] Atrial scars related to previous cardiac surgeries, atrial fibrosis, and cardiac residual lesions leading to hemodynamic atrial overload create slow conduction areas that are the main mechanisms for re-entry. 2, 3, [8] [9] [10] [11] [12] [13] [14] [15] [16] IART is more related to increased morbidity (heart failure, stroke) and mortality in patients with CHD than other potentially severe complications such as ventricular arrhythmias or heart failure. 7, [17] [18] [19] [20] [21] [22] [23] [24] Antiarrhythmic drugs are often unsuccessful to maintain sinus rhythm in these patients, and side effects are frequent. 25, 26 In recent years, radiofrequency catheter ablation (RF) has become the first line treatment for IART in this population. 27 Data about predictors of acute success/failure are lacking. The aim of this study was to assess acute success of IART in a single referral center and to analyze predictors of acute failure in a large cohort of CHD with a high proportion of moderate to highly complex cardiac defect.
Methods
The data, analytic methods, and study materials will be made available to other researchers for purposes of reproducing the results or replicating the procedure by request to the corresponding author. The ethics review board of our institution approved the study and all patients gave informed consent.
Study Population
This was an ambispective observational single-center study of all consecutive patients who had CHD and who underwent a first ablation procedure for IART in a tertiary referral center. Ablation procedures for recurrences were not included in this study. From January 2009 to December 2015, 94 patients with CHD underwent a first ablation procedure for IART. Clinical data, ECG in sinus rhythm and during IART, and echocardiographic, ablation, and mapping data were recorded. Baseline ECG in sinus rhythm and echocardiogram data were collected from the last tests performed before ablation (<6 months before ablation). Types of cardiac disease and degree of complexity were defined according to CHD patient management guidelines. 28 When possible, conventional left ventricular and right ventricular echocardiography measurements following current guidelines were performed. Qualitative assessment was performed in complex anatomies, such as transposition of great arteries (TGA) or univentricular physiology. Quantitative assessment of the right and left atrium area was performed via a 4-chamber apical view. In the absence of a cut-off value in the current guidelines, we considered severe dilatation of right atrium when the area in the 4-chamber apical view was >40 cm 2 . TM Biosense Webster) were used. Atrial stimulation protocol for induction after ablation (or before ablation in patients in sinus rhythm at the beginning of the procedure) was performed. Stimulation protocol was the following: Progressive atrial pacing until loss of atrial capture and atrial programmed pacing with basic pacing cycle of 600 or 500 ms (depending on patient heart rate) and introduction up to 2 extrastimuli with 200 ms as maximum coupling interval. If IART was not induced after baseline stimulation, the protocol was repeated under isoproterenol infusion. Activation mapping with a 3-dimensional navigation system (NavX Ensite, Ensite Velocity or Ensite Precision TM , St Jude Medical or Carto XP or Carto 3 TM , Biosense Webster) was performed in all patients. If IART was not present at the onset of the procedure, it was induced using programmed electric stimulation. Activation maps were analyzed before ablation. Critical isthmus of the IART was defined as the point where entrainment (pacing 20-30 ms faster than tachycardia cycle length) produced local concealed fusion 29 and the postpacing interval was AE30 ms tachycardia cycle length. Concealed fusion was determined by no change in activation sequence in the duodecapolar or decapolar catheter during entrainment compared with activation during tachycardia. Entrainment and concealed fusion could be studied in 95.7% of the patients. Areas of scar were delineated from peak-to-peak amplitude of a bipolar electrogram, using a cut-off value of 0.5 mV. • Congenital heart disease complexity (transposition of great arteries and dilation of systemic ventricle) and noncavotricuspid isthmus-related intra-atrial re-entrant tachycardia are factors related to ablation failure.
Electrophysiological Study
• Atrial fibrillation (previous or induced during the ablation procedure) is strongly related to ablation failure.
What Are the Clinical Implications?
• The knowledge of factors related to ablation failure can help in management of patients with congenital heart disease (ablation versus conservative approach, lenient versus strict follow-up).
ablation line was continued between scar tissue and another scar or anatomical barrier (ie, inferior or superior vena cava in case of IART around the atriotomy scar in the posterolateral wall of the right atrium). Conduction across this line was not systematically checked in all patients, so conduction block in the ablation line was not mandatory for complete success, but re-mapping of the ablation line to assure voltage <0.1 mV after ablation was performed in all patients. Conscious sedation or general anesthesia (23% of the patients) was performed according to clinical characteristics of the patients.
Statistical Analysis
Continuous variables are expressed as meanAESD and range. Categorical variables are represented by frequencies and percentages. A descriptive analysis of clinical, ECG, 
Results

Clinical Characteristics
Ninety-four patients (39.4% female) with CHD were included in the study (mean age: 36.55AE14.9 years). Eighty-five (90.4%) patients had moderately to highly complex cardiac defects (grade II or III). Overall, more than half (54.3%) had residual cardiac lesions (cardiac defects related with CHD diagnosis not corrected with the previous cardiac surgery). The main clinical characteristics of the population are detailed in Table 1 . Half of the patients had experienced previous IART before the episode that prompted the ablation procedure and 47.8% patients had received antiarrhythmic drugs before the ablation procedure. In 38 patients (40.4%), a clinically severe event (heart failure, syncope, shock, sudden death, or electromechanical dissociation) occurred in relation to IART, and in 16 patients (17%) symptoms included shock, syncope, sudden death, or electromechanical dissociation. In 21 patients (22.3%), severe symptoms were the first manifestation.
Ablation Procedure
In the 94 patients, 114 IART were ablated (1.21AE0.41 IART per patient, cycle length 272.3AE41.3 ms). Most of the patients (84, 89.3%) were in IART at the beginning of the procedure. The remaining 10 patients were in sinus rhythm at the time of ablation and in all of them IART was induced. In 5 of those patients the induced arrhythmia was similar to documented clinical IART in terms of F wave cycle length and in F wave morphology. In the other 5 patients, ECG of the clinical IART was not available. Fortyeight patients (51%) had only CTI-related IART, 26 patients (27.7%) had IART unrelated to CTI (scar-related IART), and 20 patients (21.3%) had both types of IART. Examples of non-CTIrelated IART are shown in Figure 1 . In patients with IART unrelated to CTI, the critical isthmus was located in the lateral or posterolateral region of the right atrium in 81.1% of the patients. Time from first IART to ablation, procedure duration, and RF delivery time were 37.9AE18.1 months, 198.7AE78.1 minutes, and 1170.9AE735.2 s, respectively. An irrigated-tip catheter was used in 81% of the patients. In patients with TGA with CTI-related IART, a duodecapolar diagnostic catheter was positioned along systemic atria between the superior and inferior vena cava, a tetrapolar catheter was positioned in the subpulmonary ventricle, and when systemic atria needed to be accessed with the ablation catheter it was done retrogradely at first attempt. In 3 patients, a transbaffle puncture was also used in a second attempt. In Fontan patients, a duodecapolar diagnostic catheter was placed in the intracardiac tube for atrial recording and a deflectable tetrapolar catheter was placed retrogradely in a single ventricle.
Details about IART location, procedure, and mapping data are shown in Table 2 . Acute success was achieved in 70 patients (74.5%). In 16 patients (17%) IART was stopped during ablation but either IART was inducible at the end of the procedure and/or CTI block was not achieved. In 8 patients (8.5%) IART could not be stopped during RF. The success rate for each subtype of CHD diagnosis is shown in Figure 2 .
Ablation Failure Predictors
Several factors were predictors of acute ablation failure in univariate analysis. Main clinical, ECG, echocardiographic, and CHD indicates congenital heart disease; GVT, great vessels transposition.
procedure-related factors predictors are shown in Tables 3  through 5 and Figure 3 . In multivariate analysis, only scarrelated IART, previous atrial fibrillation (atrial fibrillation documented before the ablation procedure), TGA, and systemic ventricle dilation were the predictors of acute RF failure (Table 6 ). In Figure 4 , the receiver operating characteristic curve of the multivariate model for the prediction of acute failure is shown with an adequate area under the curve: 0.83AE0.056 (0.74-0.93). After a follow-up of 44.45AE22.7 months, 78.3% of the patients were in sinus rhythm (although one third of the patients required more than 1 ablation procedure). Follow-up time was the same in successful or failed ablation patients (46.33AE23.3 months versus 42.58AE21.8 months, P=0.32).
Discussion
The main findings of this study are the high acute success (74.5%) of IART ablation in patients with moderate or high complex CHD performed in an experienced high-volume tertiary center, and the identification of some predictors of acute failure such as scar-related IART, previous atrial fibrillation, TGA, and systemic ventricle dilation. Although there was a high proportion of moderate-to high-complex cardiac disease in our population and one third of the patients underwent more than 1 RF procedure, more than 78% of the patients are in sinus rhythm at long-term follow-up.
The acute success rate of 74.5% in our series confirms the data published in the literature, with a success rate ranging from 63% to 90%, 14, [31] [32] [33] [34] although definition of success does not always include CTI bidirectional block. [35] [36] [37] [38] Actually, in the largest series where CTI bidirectional block is required to consider ablation as successful, the acute success is lower. 37, 39 Very few studies have analyzed the predictors of acute failure. Yap and colleagues 34 reported a multicenter series of 130 patients with acute success of 63% and complexity of CHD was related to efficacy of RF. These results were confirmed indirectly by many studies. 13, 40, 41 In these studies, most of the patients with failed ablations were patients with Fontan or atrial switch procedures. In this sense, all patients with failed ablations were patients with high-complex cardiac disease. Another factor reported in the literature is the characteristics of isthmus area, which has lower voltage and lower conduction velocity. 42 However, these data have not been reported in any other study, so the conclusion of this small study (31 patients) needs to be confirmed. Procedural or technical aspects of the ablation such as irrigated-tip catheter, 3-dimensional navigation system, and remote ablation have been described as playing a role in the acute success of ablation. Peichl et al in 2003 43 suggested than 3-dimensional electroanatomical navigation systems could help in these complex patients. More recently, Yap et al 34 confirmed that the use of a navigation system was clearly related to ablation success. Irrigated-tip catheter is suggested as a factor related to efficacy, 37 although no specific analysis has been made to confirm this and the latest studies use cooled-tip catheter in most of the cases, so no comparative studies between both kinds of catheters are expected to be published. Finally, studies that use remote ablation 38,44 report a very high success rate, but the difference from manual ablation is not statistically significant. Cooled-type catheter and 3-dimensional navigation systems were routinely used (>80%) in our series, so that is why they are not related to ablation success in this study. In our series, 4 factors were related to acute failure in multivariate analysis: patients with IART different than isolated CTI-related IART (odds ratio 7.3), previous atrial fibrillation (OR 6.07), TGA (OR 4.87), and systemic ventricle dilation (odds ratio 4.8). These last 2 factors confirm the complexity of CHD as predictors of failure suggested by other studies. 13, 34, 40, 41 In the Yap study, TGA with Mustard procedure patients had the lowest efficacy (43%) of all series. Several reasons explain the low success rate in this population. First, the probability of non-CTI-related IART is higher. In addition, the ablation of CTI-related IART in these patients is technically more difficult because most of the CTI is located in the systemic atrium. In this sense, to ablate the CTI, the systemic atria must be accessed either retrogradely or by a transbaffle puncture. In the first approach, it is very difficult not only to map all the atria but to get good contact with the catheter tip in the isthmus. On the other hand, although good contact in the isthmus can be achieved by a transbaffle approach, this technique is not always easy because of fibrosis and calcification of the baffle. 45 The second factor related to CHD complexity that predicts lack of success in our series is dilation of the systemic ventricle, which has not specifically been reported in the literature before. Although dilation of the systemic ventricle is common in patients with TGA, its presence is itself a predictor of acute ablation failure. Furthermore, systemic ventricle dilation is a marker of disease severity and complexity. Cardiac defect complexity has been related to lack of success 34 and can partially explain our finding. Additionally, in our series, ventricle dilation has been related to more prevalence of severe atrioventricular valve regurgitation than, in some series, 2 has been related to lack of ablation success. In fact, the presence of severe atrioventricular valve regurgitation showed a strong tendency in univariate analysis of ablation failure predictors (odds ratio 2.5; confidence interval, 0.9-6.9; P=0.07).
The factors more related to failure in our series-non-CTIrelated IART and atrial fibrillation-have not been reported before by any study. In relation to type of IART, only dual-loop IART 46 has been related to lower success, but in all other studies, CTI and non-CTI-related IART did not have differences in success rate. However, it is well known than Fontan patients who have a higher proportion of non-CTI-related IART have the lowest success rates (53%-75%). 13, 14, 34, 45, 47 Finally, atrial fibrillation is strongly related to ablation failure in our series. This relation, shown only in 1 study, 48 could be explained by the possibility that atrial fibrillation could be related to more atrial disease. Furthermore, in our series, patients with atrial fibrillation also had a greater number of induced IART (1.69AE0.72 versus 1.23AE0.61, P=0.04) and the number of induced IART was related to lack of success in the univariate analysis. This relation between higher number of induced IART and previous atrial fibrillation could confirm the role of atrial fibrillation as a marker of higher atrial electrical remodeling in these patients. Finally, other treatments are available especially for patients with recurrences after several ablation procedures. Some groups suggest the possibility of "pace and ablate," that is, dual-pacemaker implantation and AV node ablation. However, complications rate because of pacemakers in patients with CHD are higher than in the general population because of more vascular access problems, complex anatomies and, very important, higher incidence of pacinginduced cardiomyopathy.
Limitations
This was an ambispective observational study; thus, in some patients (<13%) data collection was retrospective. Because of technical limitations of the navigation system, the atrial scar area has not been measured in electroanatomical mapping system in many patients, so this factor has not been studied. Additionally, in case of non-CTI-related IART, although an ablation line between scars or scars and anatomical barriers has been performed, electrical conduction across this line was not systematically checked. Although both parameters have not been analyzed in any other study, they could be factors related to ablation success. A retrograde approach was used in most TGA patients (21/24). The transbaffle approach could allow more detailed mapping and more tissue contact of the ablation catheter. In this sense, the low success rate in this specific population could be partially related to the ablation approach. Finally, because of the heterogeneity of the population with different types of cardiac diseases and the size of the population, the study was statistically underpowered to find statistical differences between some specific diseases as predictive factors of acute RF failure. Moreover, the size of the study does not allow checking for specific acute failure predictors for different cardiac disease groups. Finally, the high proportion of CTI-related IART could be a bias Data are presented as n (%), meanAESD, and range. Afib indicates atrial fibrillation; CI, confidence interval; CTI, cavotricuspid isthmus; IART, intra-atrial re-entrant tachycardia; OR, odds ratio; RF, radiofrequency. *Variables with P value < 0.05. for success. In this sense, CTI-dependent flutter could be considered an easy ablation. However, not only in TGA patients is ablation challenging but also in patients with a significantly dilated right atrium (48.5% of non-TGA patients in our series) and in patients with significant venous AV valve regurgitation (32.9% of non-TGA patients).
Conclusions
In our study, with a high proportion of complex CHD, the ablation success rate is 74.5%. Several clinical, electrocardiographic, and echocardiographic factors have been analyzed and only factors related to complexity of cardiac disease (TGA, systemic ventricle dilation) and related to atrial remodeling (non-CTI-related IART and previous atrial fibrillation) have been related to acute failure in multivariate analysis.
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